This article first reviews the economic rationales for innovation policy. It then describes the Finnish innovation policy and policy making environment. The Finnish policy is evaluated from the point of view of fostering entrepreneurship. R&D subsidies, the main tool of Finnish innovation policy, may not be a very effective way of fostering entrepreneurship, compared to R&D tax credits of the type used in the Netherlands and Norway. The main reason for this is that the latter provide support in a more transparent way. The article ends with a discussion of what lessons the Finnish innovation policy offers to developing countries.
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Introduction
At least since the 1950s it has been recognized that innovation is central to economic growth. It has also been well understood that innovations both generate and rely on externalities. These twin facts, together with market failures most often thought to arise in financing of innovation, serve as the basic justification for public sector actions which nowadays are jointly labelled innovation and research policies. These have their roots in the policies following the Second World War (e.g. Mowery 1995 ) that rose to prominence, e.g. in the EU's Lisbon strategy. 1 R&D subsidies are one of the most important tools of innovation policy in practice (Nevo 1998) and one that has theoretical justification in the endogenous growth literature (e.g. Howitt 1999; Segerstrom 2000) . It therefore seems worthwhile to consider the theory and practice of R&D subsidy policy in some detail. A key characteristic of R&D subsidies-one that is of great importance for both fostering entrepreneurship and implementing this policy in a developing country context-is that they are a policy tool that in practice requires active decisionmaking. That is, once a proposal has been received, the agency administering the programme has to make an active decision on whether or not to grant a subsidy, and if so, what the amount would be. This is unlike the other popular tool for enhancing R&D investments of firms, namely tax credits. It is my view that while the theoretical foundation for R&D subsidies is sound, the problems with implementation may call into question the justifiability of such policies. After having reviewed the theoretical support for R&D subsidies and innovation policy in Section 2, I provide a brief review of the Finnish innovation environment in Section 3. In Section 4 I first review the general innovation support system. I then concentrate on R&D subsidies. In Section 5 I offer my view of the pros and cons of using R&D subsidies to promote entrepreneurship. In Section 6 I discuss the implementation of Finnish R&D subsidy policy in a developing country context, with special emphasis on entrepreneurship. Finally, in Section 7, are the conclusions.
Theoretical justifications for innovation policy
Externalities are the key justification for active government policy also in relation to innovative activities. As long as the benefits from innovative activities are not completely captured by whoever conducted them, there is a potential wedge between social and private benefits. As an example, think of a new good. As long as the firm developing the product does not capture the whole social surplus that the new product generates, there is room for government policy. The empirical literature on new goods typically finds large estimated consumer surpluses from new innovations. 2 Knowledge spillovers to other innovators are another externality commonly linked to R&D and used as a justification for active government policy. The seminal paper of Jaffe (1986) found that other firms' R&D affected the productivity of firm R&D positively. In later work Jaffe (1989) 6 found that university R&D has a positive direct effect on commercial innovation as measured by patents at least in some industries, and a positive indirect effect by increasing industrial R&D. A little later Jaffe et al. (1993) looked at patent citations. They found that citations from later patents to earlier patents are greatly affected by geography, whereby a new patent is more likely to cite a patent that was granted to an applicant which is geographically close to the new applicant.
Market failure in supply of finance to innovation has provided motivation for various policies aimed at supporting private sector R&D. Notice that this is a market failure that comes on top of any product market externalities. Financial market imperfections thus potentially provide an additional and independent motivation for government intervention. Himmelberg and Petersen (1994) put this hypothesis to test by studying the sensitivity of R&D investments to cash flow. Using data from small US firms they find evidence in favour of financial constraints. Hyytinen and Toivanen (2005) find evidence that in Finland the availability of government support affects most firms in industries that are relatively dependent on external financing.
Finally, several of the above mentioned market imperfections may take added relevance in the case of so-called general purpose technologies (GPTs) (Bresnahan and Trajtenberg 1995) . Often cited examples of GPTs are steam, electricity, and semiconductors. GPTs give an extra role to innovation policy in that they easily feature 'multiple equilibria'. This means that in practice, if GPTs are important, to push a country from a 'low activity equilibrium' to a 'high activity equilibrium' with good policy may be possible.
The above discussion may lead one to think that there is plenty of scope for government action. Any identified market failure calls for government intervention of some sort. This optimistic view may be unwarranted: such a conclusion makes strong demands on a governments' ability to design policies that would rectify identified market failures. One has to take into account the government's ability to deliver, too.
In real life, governments face informational constraints that may be as or more severe than those of firms. Modern economics has analysed markets that are interim efficient. 3 In such a case, a benevolent social planner could not improve on the market outcome, if she is subject to the same informational problems as the market. From this vantage point, many phenomena are no more market failures that call upon government action.
The government has one unique advantage over the private sector, though: it is in a unique position in that it need not necessarily cover the costs of information gathering and dissemination by the revenues so generated. This means that an active government may in some circumstances be able to achieve better than interim efficient outcomes.
The foregoing example raises an important point, namely the heterogeneity of the innovation policy environment. Firms, R&D projects, and innovations are highly heterogeneous. This means that a policy that is optimal in the strict sense of achieving Pareto efficiency should vary not only from firm to firm, but from project to project. This is what puts a government agency running and the R&D subsidy programme under considerable informational requirements.
Innovation in Finland
R&D and innovation are important for the Finnish economy: as an example of the plentiful evidence, Jalava and Pohjola (2008) R&D activities in Finland are characterized by active government involvement and planning on the one hand, and dominance of a few large firms on the other hand. Three key facts provide a way to summarize Finland from the point of view of innovation policy, and these are provided by Figures 1 and 2 and Table 1 . Figure 1 shows the aggregate inputs into R&D as a percentage of GDP. Finland exhibits a consistent upward trend, Sweden being the country that invests most in R&D in relation to its GDP. Figure 2 shows the number of scientific publications per 1000 inhabitants. Finland produces a relatively large number of publications for its size, producing some 30 to 40 per cent more publications per inhabitant than e.g. Norway, a country of similar characteristics. The first message from Table 1 , exhibiting statistics on US patents, is the one pointed out in Trajtenberg (2001) : what matters in the end is not how intensive or successful R&D is in relative terms, but in absolute terms. This is especially true in the case of technologies where patents are an effective way to protect intellectual property (such as in the pharmaceutical industry). Taking this into account, Table 1 shows that Finland is doing very well considering its size. Israel and Finland-along with some of the Asian Tigers-belong to the small group of countries that have been able to significantly improve their innovative output as measured by US patents.
The overall picture that emerges is that pointed out by Trajtenberg (2001) : Finland has succeeded in transforming itself by increasing its R&D inputs to a level seen only in a few other countries, in raising the output of the innovation sector to relatively good levels both in terms of scientific (academic publications) and commercial (patents) output.
R&D subsidies in Finland
The Finnish innovation policy environment
In this section, I briefly describe the overall structure of institutions of innovation policy in Finland as they now stand. In a recent evaluation of the Finnish innovation support system, Georghiu et al. (2003) provide a description and also a short overview of the historical development of the system. The Finnish government-as many other governments-employs several agencies to conduct innovation policy. The most important ones are depicted in Figure 3 . The Academy of Finland is the main source of government funding for basic research, but it nowadays also funds applied research. The government runs a number of research institutes. Of these, the most important one is VTT, the technical research centre. The Finnish Foundation for Innovation's (FFI) objective is to help individuals and small and medium sized enterprises (SMEs) in protecting their intellectual property. The regional dimension is taken care of through 15 TE-centres. These are regional government offices whose task is to provide business support services, consultation and advice, as well as finance to SMEs. The National Technology Agency of Finland (Tekes) is the main organization of Finnish innovation policy. Tekes provides funding (e.g. it is the sole source of R&D subsidies), expert advice and promotion of national and international networking. Below I will discuss in more detail Tekes' main activity, the provision of R&D subsidies. Finnvera is a state-owned financing company whose main tasks are to promote entrepreneurship, development of SMEs, internationalization and exports of firms, and government regional policy. Only a comparatively small part of Finnvera's activities fall under innovation policy. Finnish Industry Investment and Sitra are the venture capital funds of the government, although the latter has lately greatly reduced its activities in this field. Finally, Finnpro is the responsible organization for providing business support services for the internationalization of firms. Taken together, these organizations provide the Finnish government with a large set of tools to conduct innovation policy (for details, see Georghiu et al. 2003) . Figure 4 shows the relative funding of the main innovation funding institutions-all of the above are not included because the share of innovation policy related to their remaining activities is small (e.g. Finnvera).
In Finland, the interaction between policymakers and policymaking bodies and interest groups is explicitly organized. This fact is reflected in the Science and Technology Policy Council of Finland. The Council, chaired by the Prime Minister, is 'responsible for the strategic development and coordination of Finnish science and technology policy as well as of the national innovation system as a whole'. 4 The current composition of the Council is given in Table 2. The  Table shows the representation of the interest groups, as the Council members represent the most important ministries, the industry, the labour unions, and academia.
While Finland in many ways may be deemed a success in terms of its innovation policy, it is much harder to pinpoint what parts of the policy have been most crucial. To mention one often neglected feature (pointed out by Georghiu et al. 2003) , since the early 1970s there has been a steady increase in the number of graduating engineers and scientists.
Tekes
Tekes is the main innovation policy tool and administers R&D subsidies. It is therefore worth describing in a little more detail how Tekes operates in this regard. Tekes' main objective is to promote the competitiveness of the Finnish industry and the service sector by providing funding and advice to both business and public R&D. Tekes decisionmaking is constrained by rules that dictate that the maximum subsidy is 50 per cent of incurred costs (60 per cent for medium sized and 70 per cent for small enterprises). In case of cooperation, these funding limits may be exceeded. Besides firms' R&D projects, Tekes funds feasibility studies and university research. Tekes receives some 3000 applications per year, half of which are for business sector R&D projects, some two thirds of which are accepted. Tekes grants around 300 million Euros in subsidies and loans to companies. In 2007, Tekes funded 695 microenterprise projects with a 9 total of 69 million Euros; 408 small enterprise projects with a total of 73 million Euros; 152 medium sized enterprise projects with a total of 19 million Euros, and 295 projects by large firms with 123 million Euros (Tanayama 2005) . Tekes takes unsolicited applications, but also runs special programmes. The latter are usually designed in close cooperation with the industry. Tekes has three funding instruments: grants (=subsidies), low interest loans and capital loans. Low interest loans not only have a low interest rate, but are also soft: if the firm can demonstrate that the R&D project failed, it may waive the payment in part or completely. Capital loans are a Finnish speciality: they are included in fixed assets in the balance sheet, can be paid off only when unrestricted shareholders' equity is positive and the debtor cannot give collateral. Tanayama et al. (2008) provide a description, a game theoretic model, and an empirical analysis of the application process. The application process goes as follows (see Figure 5 ): first, a firm makes an application. In the application, the firm describes the objectives and planned execution of the project, and a proposed budget. Firms are often in touch with Tekes officials prior to submitting the actual application. After receiving an application, Tekes screens it in a variety of dimensions. The decisionmaking body which decides both on the type and the amount of support varies depending on the amount of support (subsidy) to be decided upon as described in Table 3 .
Tekes and entrepreneurship
Tekes is not the main Finnish policy tool to foster entrepreneurship (that is Finnvera), but it has currently specific policies that are aimed at newly established ventures. As reported below, quite a large number of microenterprise projects are funded by Tekes annually. Tekes 5 divides its special funding for young innovative companies into three stages: pre-stage funding, first stage funding and second stage funding.
Pre-stage funding is aimed at helping at the planning stage. Support at this stage can be used to develop a business plan that is based on a high technology or knowledge-intensive concept. First stage funding is available to those firms that have successfully completed the pre-stage, are small, less than 5.5 years old, and fulfil some other requirements. Those that are eligible have their proposals passed to a panel that consists mostly of venture capitalists. The role of the panel is to advice Tekes in decisionmaking.
In the second stage, only firms that are deemed to have a chance for rapid growth in international markets get funding. Funding is available for firms that are no more than eight years old, and funding is capped at 750.000 Euros.
While all Tekes programmes are evaluated, and Tekes commissions regularly research to assess the impact of its policies, I am not aware of any evaluations of the funding for young innovative companies as of yet; this is probably explained by the fact that this programme is very recent.
R&D subsidies and entrepreneurship
As is hopefully clear from the above discussion, R&D subsidies are not directly aimed at promoting entrepreneurship in Finland-for this, there is an entirely different government agency. As is hopefully, however, also clear, Tekes does have policies directly aimed at start-ups and hence, fledgling entrepreneurs.
There are a number of obstacles that hinder the use of R&D subsidies in promotion of entrepreneurship. One is that subsidies in most countries are paid ex post against receipts. If it is the case that (new) entrepreneurs are credit constrained, this type of funding may be of little help. Second, (while quite fast), the speed at which the decisionmaking progresses in Tekes may be too slow for an entrepreneur. This may sound trivial, but is not so at all; also, this may be hard to rectify. The reason for the former is that an entrepreneur may indeed need to move fast in order to e.g. secure funding for R&D. The reason for the latter is that the essence of R&D subsidies is that they are tailored application by application. This tailoring is the greatest asset of R&D subsidies in comparison to R&D tax credits and almost by definition leads to an application process that may be too slow for especially small firms.
Both of these aspects generate opportunity costs to entrepreneurs and indeed, Takalo et al. (2008) find that the application costs of those that do not apply may be quite high. They also find that application costs are decreasing in size of the firm (measured by the log of the number of employees)-a finding that suggests that entrepreneurs may be at a disadvantage from this point of view. An example of an application cost (for R&D subsidies) that is generated through opportunity costs is the increased risk for a (small) company not to be able to launch its product to the market place before its rivals-the potential loss of a first mover advantage. One should not underestimate the severity of such costs.
While thus a potential obstacle, the fact that R&D subsidies are tailored is also their biggest asset in terms of promoting entrepreneurship. If one is able (e.g. the legislation does not rule out the possibility) to explicitly target the support to certain types of firms, it may be possible to increase their likelihood of applying.
Another potential benefit of R&D subsidies is that the government may use them to generate externalities. The Finnish government (Tekes) does just this by requiring that a large firm has to cooperate with SMEs in order to be eligible for government R&D support. This may allow small firms and entrepreneurs to access information that would not be available to them otherwise. Finally, subsidies may act as a signal to private financiers. This can be the case if the government agency is good at finding out the type of the applicant-type here meaning 'good' (positive expected profits) or 'bad' (negative). Takalo and Tanayama (2008) provide a theoretical analysis of the circumstances under which the government may have such a 'certification' role.
Let us take as granted for the moment the need to foster innovation-oriented entrepreneurship. It could well be that R&D subsidies are not as good a policy tool for this purpose as some alternatives. Evidence seems to suggest that the hurdles to apply are high, the speed at which applications can be processed may be too slow, and opportunity costs of applying forbidding for those entrepreneurs who would be the target of such a policy. An alternative could be to offer R&D tax credits in such a way that even firms that do not make a profit can benefit from them.
Examples are given by the Netherlands, where the tax credit is based on the (R&D) wage bill, and by Norway, where the tax credit is paid even if the firm is not profitable.
Such arrangements take R&D tax credits very close to subsidies. This is indeed the case, but there is one big difference: in the Netherlands and in Norway, the process through which one becomes eligible (e.g. in Norway there is ex ante screening for tax credits, see Møen and Haegeland 2007 ) is much less arduous than the one a firm needs to traverse in order to obtain R&D subsidies.
R&D subsidies and entrepreneurship in a developing country
It is clear that the Finnish policy described and discussed above is tailored to Finnish needs, and therefore reflects the fact that Finland is a developed economy with a highly educated workforce. One may therefore wonder how much of the Finnish experience can be of use in a developing country context. As there is to my knowledge no research on such issues, what follows should be viewed as speculative.
A key characteristic of the Finnish innovation policy system has been that it has been quite predictable. It is clear that for any system to take root, information about it and its workings needs to spread among potential applicants. This may still be a problem in Finland; Tekes exists since a quarter of a century, is well known and receives a lot of media attention, but still only a relatively small proportion of Finnish companies apply for funding from Tekes. At any rate, however, it would seem that a key characteristic to copy into a developing country is the long term nature of the institutional arrangement.
A prerequisite of being able to administer an R&D subsidy programme is that the required human capital exists. One may copy institutional arrangements, but the institutions need to be manned by competent personnel. A key is to be able to recruit capable reviewers. Unless one succeeds in this, there is no hope of being able to reap the benefits that the system might otherwise offer.
A further 'capability requirement', a necessary condition really, is that there is a demand for such policy instruments. That most likely necessitates long term investments in the education sector, from bottom to top. It seems fair to state that a key feature of the Finnish innovation policy has been a determined effort to increase the educational level of the population, and especially, the investments in engineering education. This is reflected, e.g. in the fact that some 80 per cent of Finns obtaining a US patent and trademark office (USPTO) patent are engineers by training (Toivanen and Väänänen 2008) .
There is also a danger that one should not forget: while the public sector intervention was motivated by the possibility of the public sector to be a focal point, this same argument may also carry a danger. If the government sector is successful in becoming the focal point of R&D support, this may paralyze private sector efforts. In practice, it could be that e.g. private venture capital markets are not born if the government crowds them out. There is to my knowledge no evidence of this having happened anywhere in general or in Finland in particular, but certainly this is an issue discussed by Finnish researchers regarding the Finnish R&D funding mechanisms.
While the message from the above analysis may be bleak, there is some evidence that public support to private R&D works (also) in developing countries. Hall and Maffioli (2008) analyse the effects of Technology Development Funds in Argentina, Brazil, Chile, and Panama, and find encouragingly large positive effects on R&D investments, but less encouragingly, little impact on patents, new product introduction, or productivity. One should also note that most of the countries studied by Hall and Maffioli differ from many developing countries in that they have a long history of investing (in relative terms) in higher education and research.
Conclusions
Innovation policy in general and R&D subsidies in particular are believed to be important in fostering economic growth. These beliefs are both held by politicians and backed by economic research. It is standard for researchers (e.g. Klette and Møen 1999) to voice concerns over political economy issues. These may lead to a situation where actual policies diverge from optimal ones. Government failure is the rubric under which one generally collects such problems. A potentially even more fundamental problem is that one should not use failure to be at a Pareto optimum as a justification for government intervention. A more reasonable, yet still challenging, yardstick would be to take seriously the informational constraints of the government when analysing the need for existing or new policies.
An important insight that can be derived even from the simplest model of R&D subsidies is that optimal subsidies are heterogenous, i.e., they ought to vary from firm to firm and from project to project, and that the informational demands for designing optimal policies are potentially prohibitive.
The description of the Finnish innovation policy reveals that it is at the same time overarching and pays attention to small details e.g. when screening R&D subsidy applications. The policy towards entrepreneurship has to a great extent been separated from innovation policy, although at least lately one can see that innovation policy is being engineered also towards newly established small firms.
While the Finnish innovation support system seems to function relatively well and the R&D subsidy part especially so, it is still an open question what their role is in Finland's transformation into an (more) innovation-driven economy. In particular, it is not clear to what extent Finnish institutional arrangements can be copied into other environments, and whether it makes sense to copy them piece meal or not.
Another lesson to be taken from small developed and R&D intensive countries such as Finland and Israel is that innovation-linked-based entrepreneurship can be fostered. A prerequisite for this is that the educational system harnesses individuals with the requisite skills; then and only then can active government policies towards entrepreneurship have the wish for consequences. Finland and Israel offer a contrast in this respect, as, at least as an approximation, the former is 13 dominated by large companies in terms of innovation, the latter by small businesses. Small countries can overcome the deficit of size by determined efforts especially in higher education. Entrepreneurship, and especially entrepreneurship in connection to innovation, seems to hold the promise of economic prosperity and growth. Some characteristics of the Finnish policies, such as tying support to large companies to a requirement that they cooperate with small companies, may indeed be ones that could be worthwhile to copy into a developing country environment. Others, such as relying entirely or mostly on R&D subsidies, may be less promising. As so often, the devil is in the details. 1968-97 1992-97 1968-97 1992-97 1968-97 1992-97 1968-97 1992- 
